(19) 



J 



Europe sches Patents mt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

29.12.1999 Bulletin 1999/52 



(1D EP 0 967 819 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : H04Q7/36 



(21 ) Application number: 991 1 1862.1 

(22) Date of filing: 21 .06.1 999 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 27.06.1998 GB 9813887 

(71) Applicant: MOTOROLA LTD 

Basingstoke, Hampshire RG22 4PD (GB) 



(72) Inventor: Qulrke, Thomas Michael 
Swindon, Wiltshire, SN2 2UH (GB) 

(74) Representative: 

Potts, Susan Patricia 

Motorola European Intellectual Property 

Operations 

Midpoint . 

Alencon Link 

Basingstoke, Hampshire RG21 7PL (GB) 



(54) Shared handover channel in a cellular system 

(57) The invention provides a cellular communica- 
tion system (200) where handovers are facilitated in 
regions with many small cells. According to the inven- 
tion entry cells (209.213) to a region, typically a build- 
ing, are defined and allocated identical frequencies. A 
mobile station entering the region will handover to this 
frequency and all entry cells (209, 213) will support the 
mobile station in parallel. Following the handover, the 
system may determine a serving cell and the mobile 
station will subsequently be supported by this cell only, 
thereby freeing up resource in the other entry cells (209, 
21 3). The invention is specifically applicable but not lim- 
ited to a GSM system using simulcast techniques. 
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Description 

Field of the Invention 

[0001 J The present invention relates to a cellular com- 
munication system such as the Global System for 
Mobile communications (GSM). 

Background of the Invention 

[0002] In a cellular communication system such as the 
Global System for Mobile Communication (GSM). each 
of the mobile stations communicate with typically a f ixed 
base station. Communication from the mobile station to 
the base station is known as uplink and communication 
from the base station to the mobile station is known as 
downlink. The total coverage area of the system is 
divided into a number of separate cells each covered by 
a single base station. The cells are typically geographi- 
cally distinct with an overlapping coverage area with 
neighbouring cells. As a mobile station moves from the 
coverage area of one cell to the coverage area of 
another cell, the communication link will change from 
being between the mobile station and the base station 
of the first cell to being between the mobile station and 
the base station of the second cell. This is known as a 
handover. Specifically, some cells may lie completely 
within the coverage of other larger cells. 
[0003] All base stations are interconnected by a fixed 
network. This fixed network comprises communication 
lines, switches, interfaces to other communication net- 
works and various controllers required for operating the 
network. A call from a mobile station is routed through 
the fixed network to the destination specific for this call. 
H the call is between two mobile stations of the same 
communication system the call will be routed through 
the fixed network to the base station of the cell in which 
the other mobile station currently is. A connection is 
thus established between the two serving cells through 
the fixed network. Alternatively, if the call is between a 
mobile station and a telephone connected to the Public 
Switched Telephone Network (PSTN) the call is routed 
from the serving base station to the interface between 
the cellular mobile communication system and the 
PSTN, ft is then routed from the interface to the tele- 
phone by the PSTN. 

[0004] As demand for mobile radio services 
increases, there is a requirement to provide ever greater 
capacity. One way to provide this extra capacity is to 
reduce cell size so that the available frequency band 
can be reused to a greater extent. However, increasing 
the number of cells makes frequency planning more 
complex and can impose other constraints on mobile 
stations as a result of their radio visibility from large 
numbers of cells and not just the nearest neighbours of 
their serving cell. 

[0005] The use of a simulcast transmission of a con- 
trol channel over a group of cells has been proposed to 



lessen the frequency planning problem. 
[0006] A simulcast system is one in which a identical 
broadcast signal is transmitted on the same frequency 
in a plurality of cells. This signal contains control infbr- 

5 mation and is used as a beacon by external networks to 
determine relative signal strength. The plurality of cells 
having identical broadcast signals will thus appear as 
the same lager cell. Additionally, in each cell within the 
simulcast system, a second frequency carrier can be 

10 employed upon which traffic can be relayed. The sec- 
ond frequency is different from cell to cell although it 
may be reused if there is sufficient distance to mitigate 
interference. As a mobile station is likely to remain 
within this simulcast system during the period of the call 

is and the simulcast carrier effectively creates a single 
larger umbrella cell, very few intercell handovers 
(between simulcast calls and external cells) will be 
required. Consequently, the majority of handovers will 
be of the intracellular (between the simulcast cells) type. 

20 Since there is a single umbrella cell identification the 
mobile cannot identify the smaller target cells beneath 
this umbrella cell: i.e. the handover process cannot be 
mobile-assisted. Rather than mobile stations identifying 
cells, the base stations in the cells identify the target 

25 mobiles by making measurements of the strength of 
neighbour uplink traffic. The stronger the neighbour 
measurement compared to measurements made by 
base stations in other cells the more probable that the 
observed mobile will handover into that cell. 

30 [0007] An example of a simulcast system can be 
found in patent application GB-2308042, "Radio Com- 
munication System" by Motorola Limited and invented 
by Howard Peter Benn. 

[0008] When many very small cells are employed in 
35 an area, a mobile station moving in or into this area will 
require the evaluation of handover to a large number of 
possible cells. This can be very time consuming, 
involves many measurements and much exchange of 
information between the mobile station and the network. 
40 For some cellular communication systems such as 
GSM there is a specific upper limit on the number of 
possible handover cells that can be considered at a 
time. Furthermore, if a region uses a simulcast tech- 
nique the mobile station cannot differentiate between 
45 the individual cells based on the simulcast broadcast 
signal. 

[0009] It is thus beneficial in a region of small cells to 
reduce the number of possible handovers that must be 
considered for a moving mobile station. 

50 

Summary of the Invention 

[0010] The invention seeks to provide a system for 
reducing the number of possible handovers that must 
55 be considered for a moving mobile station. 

[0011] According to a first aspect of the invention 
there is provided a cellular communication system char- 
acterised in that a plurality of cells covering entry points 
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to a region are allocated at least one identical carrier 
frequency, a mobile station entering the region are 
handed over to the identical carrier frequency, and the 
mobile station is subsequently supported by two or 
more of the plurality of ceils. 

[0012] Preferably the cellular communication system 
is a GSM system employing simulcast of a broadcast 
carrier within the region and the identical carrier fre- 
quency is allocated to traffic carriers. 
10013] According to a preferred feature of the inven- 
tion, a serving cell is determined when the mobile sta- 
tion is supported by two or more of the plurality of cells 
and the mobile station is subsequently supported by the 
serving cell only Preferably the serving cell is deter- 
mined in response to a signal level, a signal to noise 
ratio or a bit error rate. 

[0014] According to a second aspect of the invention 
there is provided, a method of handover in a cellular 
communication system characterised in that a plurality 
of cells covering entry points to a region are allocated at 
least one identical carrier frequency, and the method 
comprises the steps of: handing over a mobile station 
entering the region to the identical carrier frequency, 
and subsequently supporting the mobile station by two 
or more of the plurality of cells. 

Brief Description of the Drawings 

[0015] An embodiment of the present invention is 
described below, by way of example only, with reference 
to the accompanying drawing, in which: 

FIG. 1 is an illustration of a GSM cellular communi- 
cation system according to prior art. 

FIG. 2 is an illustration of a GSM cellular communi- 
cation system according to the invention. 

Description of a Preferred Embodiment 

[0016] FIG. 1 illustrates a cellular communication sys- 
tem 100 according to prior art The example illustrated 
corresponds to the GSM (Global System for Mobile 
communication) cellular system. In the system, a base 
station 101 communicates with a number of mobile sta- 
tions 103 over radio channels 105. In the cellular sys- 
tem, the base station 101 covers users within a certain 
geographical area 107 whereas other geographical 
areas 109, 1 1 1 are covered by other base stations 113. 
1 1 5. The individual areas covered by a base station are 
known as cells. Typically, each of the base stations 101 , 
113. 115 employ a broadcast carrier plus one or more 
traffic carriers. 

[0017] The broadcast carrier contains cell identifica- 
tion, identification of neighbour cells, control signals, 
paging signals etc. In GSM the mobile stations continu- 
ously monitor the received signal levels of the broadcast 
signals of neighbouring cells and handovers are deter- 



mined in response to these signal levels. 
[0018] FIG. 2 shows a GSM cellular communication 
system with an in-building simulcast system. In the 
example, the outside of the building 201 is covered by a 

5 large cell 203 whereas the inside of the building is cov- 
ered by a number of smaller cells 205 -217 each served 
by an individual radio unit 219-231. In the example a 
simulcast technique is used for all in-building cells 205- 
217 in which radio units 219-231 transmit identical 

w broadcast carriers. A mobile station thus cannot differ- 
entiate between the internal cells 205-21 7 and the inter- 
nal cells will resemble a single large umbrella cell 233 to 
the mobile station. Each cell in addition to the broadcast 
carrier support traffic on a traffic carrier. In a conven- 

is tional simulcast system according to prior art, the traffic 
carriers will have different frequencies between neigh- 
bouring cells. 

[001 9] A mobile station moving from the outside of the 
building to the inside of the building will need to hando- 

20 ver from the outside cell 203 to one of the internal cells 
205 - 227. Preferably it will handover directly to a traffic 
carrier to reduce the loading of the broadcast earner. It 
will therefore need to determine which ceil is the best 
serving cell. However, due to the simulcast technique 

25 the mobile station cannot differentiate between the 
internal ceils 205 -227. 

[0020] According to the invention, the entry cells 209. 
213. being the cells covering the entry points to the 
building, are allocated the same frequency for the traffic 

30 carrier. A mobile station entering the building will meas- 
ure a very high signal level of the umbrella ceil 233 
broadcast signal and a handover will be initiated. This 
handover will direct the mobile station to handover to 
the traffic carrier frequency of the entry cells. Both entry 

35 cells 209. 213 will be directed to support the call, i.e. the 
same resource will be allocated to the mobile station on 
both cells and both radio units 223. 227 will attempt 
communication with the mobile station. 
[0021 ] Although the simulcast system prevents deter- 

40 mination of the internal cell 205 - 217, the mobile will 
necessarily enter in one of the entry cells and by allocat- 
ing these cells identical frequencies and supporting the 
call in both entry cells, the handover can be made 
directly to a traffic carrier. 

45 [0022] According to one embodiment, the system will, 
subsequently to the handover to the entry cell, deter- 
mine a single serving cell i.e. it will determine in which 
entry cell the mobile station is situated. This can be 
done by measuring the uplink signal independently in 

so the two entry cells 209. 213 and as an example deter- 
mine the serving cell as the cell receiving the highest 
signal level, the lowest bit error rate or the highest signal 
to noise ratio. In the extreme case where the entry cells 
are sufficiently separated the uplink signal from the 

55 mobile station will only be received at one of the cells 
and this will be the serving cell. 

[0023] Following determination of the best serving cell 
the mobile station will only be supported by this cell and 



EP 0 967 819 A2 



5 

the resource allocated in the other entry cell is freed up 
and can be allocated to other calls. 
[0024] Alternatively, the call can be supported by both 
entry cells until another serving cell is determined 
according to known simulcast handover techniques and 
the mobile station is handed over to this cell. Examples 
of simulcast handover techniques in a cellular system 
are described in earlier patent application GB-2308042, 
"Radio Communication System" by Motorola Limited 
and invented by Howard Peter Benn. 
[0025] According to one embodiment the internal cells 
do not employ simulcast but are independent cells with 
different broadcast signals. In this embodiment the 
entry cells can be allocated identical carrier frequencies 
for the broadcast signal either as well as or instead of 
allocating identical frequencies to the traffic carriers. A 
mobile station in the external cell will measure the 
broadcast frequency of the entry cells and when enter- 
ing the region (the building) it will detect a strong signal 
from the base station in the cell corresponding to the 
entry point. The mobile station will subsequently hand 
over to the broadcast carrier of the entry cell or alterna- 
tively it can hand over to any traffic carrier having identi- 
cal frequencies in the entry cell. The mobile station will 
be supported by both entry cells regardless of which cell 
the mobile has entered. An advantage of this approach 
is that it is not necessary to determine which entry cell 
the mobile has entered but just that it has moved from 
the external cell to one of the internal cells. Thus mobile 
stations in the external cell 203 only need to evaluate 
one broadcast carrier for all internal cells as the broad- 
cast carrier is the same for the entry cells and no differ- 
entiation between these is necessary. In a GSM system 
the specifications require that the cell identification etc. 
is the same for the broadcast signals of the entry signals 
and the embodiment in this case can be considered a 
form of simulcasting restricted to the entry cells. 
[0026] While the above embodiments describe a sys- 
tem with two entry cells it will be apparent to the person 
skilled in the art how the invention can be applied for 
more entry cells. Preferably, the same earner frequency 
will be allocated to all entry cells and all entry cells will 
support a mobile station entering the building. 
[0027] The invention is furthermore not limited to an 
in-building region but can employed in any region where 
entry cells can be defined. The region can be three 
dimensional as for example when covering a lift where 
the cell on each floor covering the lift area is defined as 
an entry cell and allocated the same frequency. 
[0028] It will also be apparent to the person skilled in 
the art that the invention is applicable but not limited to 
a GSM system. 

Claims 

1 . A cellular communication system characterised in 
that 



a plurality of cells (209. 213) covering entry 
points to a region are allocated at least one 
identical carrier frequency, 
a mobile station entering the region are handed 
s over to the identical carrier frequency, and 

the mobile station is subsequently supported 
by two or more of the plurality of cells. 

2. A cellular communication system as claimed in 
10 claim 1 wherein simulcasting of a broadcast carrier 

is employed within the region and the identical car- 
rier frequency is allocated to traffic carriers. 

3. A cellular communication system as claimed in 
is claim 1 wherein the identical carrier frequency is 

allocated to broadcast carriers 

4. A cellular communication system as claimed in any 
preceding claim wherein the plurality of cells (209. 

20 21 3) cover entry points to a building. 

5. A cellular communication system as claimed in any 
preceding claim wherein the identical carrier fre- 
quency is allocated to all cells (209, 213) covering 

25 entry points. 

6. A cellular communication system as claimed in any 
preceding claim wherein the mobile station is sup- 
ported by all of the plurality of cells (209, 213) sub- 

30 sequent to the handover. 

7. A cellular communication system as claimed in any 
preceding claim wherein a serving cell is deter- 
mined when the mobile station is supported by two 

35 or more of the plurality of cells (209. 213) and the 
mobile station subsequently is supported by the 
serving cell only. 

8. A cellular communication system as claimed in 
40 claim 7 wherein the serving cell is one of the plural- 
ity of cells (209. 213). 

9. A cellular communication system wherein the 
determination of the serving cell is in response to a 

45 parameter chosen from the group of: 

a) a signal level 

b) a signal to noise ratio 

c) a bit error rate. 

so 

1 0. A cellular communication system according to any 
previous claim which is a GSM system. 

11. A method of handover in a cellular communication 
55 system characterised in that a plurality of cells (209. 

213) covering entry points to a region are allocated 
at least one identical carrier frequency, and the 
method comprises the steps of: 
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hancfing over a mobile station entering the 
region to the identical carrier frequency, and 
subsequently supporting the mobile station by 
two or more of the plurality of cells (209, 213). 
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FIG. 2 
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